Session I: Meat Global View Past and Future of Meat Science by Editor, Managing
 
SESSION I: Meat Global View Past and Future of Meat Science    
                                                                                                                                                                                                                                                                                                                                                                         
                                                                                                                                                               Pages 
DMRIPREDICT, A TOOL TO DETERMINE SHELF LIFE OF FRESH MEAT………………….1  
Meinert, L.  ; Christensen, H.   
 
 
SLAUGHTER AGE, WEANING AND SEX EFFECTS ON CARCASS AND MEAT 
COMPOSITION IN LAMB…………………………………………………………………………………5 
M. Campo, M.  ; Fugita, C.A.  ; Bellomo, L.  ; Olleta, J.L.  ; Guerrero, A.  ; Sañudo, C.   
 
EFFECT OF BETA-AGONISTS ON MEAT QUALITY OF NELLORE CATTLE………………N/A 
B. BAPTISTA1, B.  ; SILVA, S. L. ; Mazon, M. R.  ; Antonelo, D. S  ; NUBIATO, K.E.Z. ; BRIGIDA, D.J.; 
LEME, P.R.  
 
GREEN FEEDS IN MEAT PRODUCTION: A PRELIMINARY STUDY…………………………..9 
Barbera, S.  ; Tassone, S.   
 
AN OVERVIEW OF BEEF MARKETING AND CLASSIFICATIONSTANDARDS AMONG 
THE INDUSTRIES OF THE UNITED STATES,CANADA, URUGUAY, AND 
AUSTRALIA………………………………………………………………………………………………N/A 
Webb, Megan J.  ; Howard, Scott T.  ; Woerner, Dale R.  ; O’Connor, Martin E.  ; Tatum, J. Daryl ; 




N/A= The short paper is not available, either because the authors reported to the editor they do 
not wish to publish their work, or because the authors did not respond to the editor's invitation 
to publish. 
 
60th International Congress of Meat Science and Technology, 17-22nd August 2014, Punta Del Este, Uruguay 
 
 
DMRI PREDICT, A TOOL TO DETERMINE SHELF LIFE OF FRESH 
MEAT 
 
L. Meinert and H. Christensen 
Danish Meat Research Institute, Meat Quality, Hygiene and Preservation, Taastrup, Denmark 
 
Reliable prediction of shelf life for fresh meat is 
of the utmost importance to ensure good eating 
quality at the use-by date and to ensure optimal 
and flexible retail distribution. It is the 
responsibility of the meat producer to 
determine the use-by date. Therefore, the 
Nordic meat industry’s demand for a tool to 
declare an optimal use-by date for various pork 
cuts initiated the development of mathematical 
models for prediction of shelf life. Three 
individual models for fresh pork were 
developed, one for each of the packaging 
methods: vacuum, aerobic (e.g. thin wrap or 
open meat boxes) and modified atmosphere 
(high oxygen). These models can be combined 
and the use-by date can be predicted based on a 
sequence of storage conditions. The models for 
fresh pork cuts, as well as the models for beef 
and chicken, contain the inevitable natural 
variation and therefore reflect real life. All 





The meat producers are responsible for fulfilling 
the documentation requirements for determining 
the use-by date for chill-stored fresh meat. 
Predicting a reliable shelf life of chill-stored fresh 
meat is important in order to ensure good eating 
quality at the use-by date and to ensure optimal 
and flexible retail distribution. Initiated by the 
Danish, Norwegian and Swedish meat industries, 
DMRI has worked for several years to develop 
mathematical models for the prediction of shelf 
life of fresh meat concerning both pork, beef and 
chicken. The models are based on data from large 
storage experiments with meat collected at several 
commercial production sites. In this way, the 
models reflect the real life situation for the meat 
producers by including the natural variation in 
shelf life that are present at all times. In the early 
work-stages it was shown that shelf life of fresh 
meat could be predicted based on the colony count 
of psychrotrophic bacteria at the time of packaging 
in combination with the selected packaging 
method and storage temperature. Furthermore, that 
raw meat odour was proven to be a valid predictor 
of shelf life (1). The models for beef, pork and 
chicken, respectively, are gathered on the 
homepage: http://dmripredict.dk with free access.    
 
The aim of the presented work was to develop a 
mathematically based model for the prediction of 
shelf life of fresh pork under different storage 
conditions with the possibility of combining 
different storage conditions in the same shelf life 
prediction. 
 
II. MATERIALS AND METHODS 
 
Meat. The meat cuts were collected at different 
commercial slaughterhouses in Denmark, 
Germany, Sweden and Norway. Preferably, the 
meat was packed at the production site. The cuts 
used included loins (with and without rind), collar, 
top round, spareribs, belly, and tender loin.  
 
Transport. The packed meat was transported from 
the production site to DMRI in a cooling van with 
controlled temperature conditions.  
 
Temperature logging. The temperature was logged 
from the time of departure at the production site 
and all the way through the storage experiment. 
 
Storage. For each storage experiment, approx. 70-
90 individual packs of meat were included, the 
lower the temperature, the longer the shelf life and 
the more packs were needed. The temperature 
range of the experiments was from -1 °C to +7 °C.  
 
Storage conditions. In some of the storage 
experiments, the storage conditions were changed 
during the experiment, e.g. a subgroup of meat 
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samples was moved to another temperature or the 
packed meat was opened and repacked (Figure 1). 
  
 
Figure 1. Flow diagram of the overall design for the 
series of storage experiments during which a subgroup 
of samples were placed under new storage conditions. 
The storage experiment was not stopped until the meat 
was rotten. See Table 1 for all storage combinations 
with repack. 
 
Storage experiments. A large number of individual 
storage experiments was conducted; these are 
outlined in Table 1 and 2. The model “back bone” 
are the 20 experiments shown in Table 2.  
 
Table 1. The ten storage experiments for the repack 
study. VAK = vacuum and MAP = high oxygen 




Pork cut & 
Packaging 
Storage at -1°C 
Repack 
Storage at +4°C 
1 Belly, aerobic No repack 
2 Belly, vacuum No repack 
3 Loin, aerobic No repack 
4 Loin, vacuum No repack 
5 Belly, aerobic MAP 
6 Belly, vacuum VAK 
7 Belly, vacuum MAP 
8 Loin, aerobic VAK 
9 Loin, vacuum MAP 
10 Loin, vacuum VAK 
Table 2. The conditions used for the twenty storage 
experiments conducted for model development. The 
collars used in experiment 15-18 were without rind. 
“High and low count” refers to the level of bacteria on 
the meat at the time of packaging. 
  
Experiment Pork cut Packaging Storage 
1 Loin VAK +7°C 
2 Loin Aerobic +7°C 
3 Collar MAP +2°C 
4 Collar MAP +7°C 
5 Tender loin MAP 0°C 
6 Tender loin MAP +4°C 
7 Spareribs VAK -1°C 
8 Tender loin VAK -1°C 
9 Collar + rind Aerobic 0°C 
10 Collar + rind Aerobic +3°C 
11 Collar + rind Aerobic +7°C 
12 Collar - rind Aerobic 0°C 
13 Collar - rind Aerobic +3°C 
14 Collar - rind Aerobic +7°C 
15 Collar, high count VAK +4°C 
16 Collar, low count VAK +4°C 
17 Collar, high count Aerobic +4°C 
18 Collar, low count Aerobic +4°C 
19 Top round Skin pack +5°C 
20 Top round Skin pack +5°C 
 
As can be seen from Table 2, skin packed pork 
was also tested; it showed the same shelf life as for 
vacuum packed pork. The significance of initial 
bacterial counts was also tested. Collar was a 
frequently used pork cut as it consists of several 
minor muscles and some fat. Collar is considered 
more prone to oxidation than e.g. loin. 
 
Furthermore, shelf life investigations were 
included in other projects as well. Some of these 
data have also been included in the model, but are 
not shown in Table 1 and 2, as these studies ended 
earlier in the shelf life period (before the meat was 
rotten) than the original shelf life studies.   
 
Microbiological and odour analyses. Uniquely, 
the microbiological and sensory analyses were 
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conducted on the same individual sample and 
could thus be directly linked to the development of 
spoilage. The order of analyses was 1. 
psychrotrophic colony count (2) and 2. raw meat 
odour and general appearance. 
 
Raw meat odour was evaluated by at least three 
experienced assessors from DMRI. The odour was 
characterized using the following scale: 2: fresh; 4: 
slightly diverging but acceptable; 6: diverging to 
an unacceptable degree; 8: putrid/rotten.  
 
Gas composition. When modified atmosphere was 
used for packaging, the gas composition was 
measured with a Dansensor (PBI-Dansensor, 
Ringsted, Denmark) for control; data was not 
included in the model.  
 
Data analysis. Fitting of both the microbiological 
growth curves and the sensory evaluation of the 
raw meat odour was performed using nonlinear 
regression (proc Nlin) (3) with the Baranyi and 




Figure 2. The Baranyi and Roberts model (4) 
 
The parameter h0, which corresponds to the lag 
phase, was independent of temperature and 
packaging method, but the lag phase for 
development of odour showed dependency on the 
initial psychrotrophic colony count. Growth curves 
from different studies were compared using the 
MicroFit v1.0 software developed by the Institute 
of Food Research. 
 
 
III. RESULTS AND DISCUSSION 
 
This work was initiated by the Nordic meat 
industry’s demand for a tool declaring an 
optimal use-by date for various cuts, packed 
aerobically (including a thin wrap), in vacuum 
or in high-oxygen modified atmosphere (MAP) 
and stored at different temperatures within the 
cooling range. The models are based on data 
from controlled and systematically executed 
storage experiments using cuts randomly 
collected over time at commercial plants in four 
countries. The inclusion of natural variation seen 
in “real life” is essential for the robustness and 
applicability of the models.    
     
Each model is based on data from approx. five 
individual storage experiments. A model is in 
this context defined as one packaging method 
(vacuum, wrap or MAP) within the temperature 
range of -1 °C to +7 °C. Each model applies for 
all pork cuts (+/- rind, +/- fat, +/- bones). 
However, a separate model was developed for 
minced pork, and this was merely due to the fact 
that MAP was the only investigated packaging 
method.  
 
Most often, the meat is stored under different 
conditions, from the production site until it 
reaches the consumer. In order to be able to 
predict a total shelf life based on different 
sequences in the cooling chain, it was the idea to 
combine the three models (vacuum, aerobic and 
MAP).  
 
Therefore, a number of experiments were 
conducted, during which the storage conditions 
were changed for a subgroup of samples (Figure 
1). It was important to investigate and validate 
the actual response to changes especially 
regarding bacteria growth; would the growth 
slow down or would it boost? Neither was seen! 
In fact, the growth continued by following the 
established curve for the new storage condition, 
Figure 3. 
 
The corresponding development in odour is 
shown in Figure 4.  
 
As can be seen from both Figure 3 and 4, the 
observed values in the actual experiment follow 
the average model rather well. However, at the 
end of the shelf life it can be seen that observed 
shelf life, based on odour, was over estimated.  
 
 



































                       3





Figure 3. Psychrotrophic count on loins stored in 
vacuum pack for 26 days at -1 °C, and repacked in 
modified atmosphere (70 % O2 + 30 % CO2) and 
stored at +4 °C. Predicted development in 
psychrotrophic count (model, avg.) shown together 
with 66 % upper and lower confidence limits and 




Figure 4. Odour development for loins stored in 
vacuum pack for 26 days at -1 °C, and repacked in 
modified atmosphere (70 % O2 + 30 % CO2) and 
stored at +4 °C. Predicted development in odour 
(model, avg.) shown together with 80 % upper and 
lower confidence limits and observed values.  
 
The large number of data from the individual 
storage experiments performed over a period of 
approximately 8 years has ensured that the 
model is accurate, as the model contains most of 
the natural variation seen in “real life”. The 
uncertainty of the models, including cut-to-cut 
variation, is shown using confidential limits.  
 
The minimum period of time the model can 
handle is one day. Solely based on natural 
variations between single cuts, modelling 
growth/shelf life for periods less than one day 
does not make sense. This prediction based on 
combinations also opens up for flow 
optimization within the production plant. It may 
become apparent, if too much of the shelf life is 
used at the plant leading to fewer days at the 




Validated models for fresh pork cuts packed in 
vacuum, aerobic or high-oxygen modified 
atmosphere were developed. The models can be 
combined and the use-by date can be predicted 
based on a sequence of storage conditions. The 
models for fresh pork cuts, as well as the models 
for beef and chicken, contain the inevitable natural 
variation, and the models are therefore robust as 
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SLAUGHTER AGE, WEANING AND SEX EFFECTS ON CARCASS AND 
MEAT COMPOSITION IN LAMB 
 
M.M. Campo1, L. Mur1, C.A. Fugita1,2, L. Bellomo1, J.L. Olleta1, A. Guerrero1  and C. Sañudo1  
1 Department of Animal Production and Food Science, University of Zaragoza, C/Miguel Servet, 177, 50013 Zaragoza, Spain  
2Department of Animal Science, State University of Maringá, Av. Colombo, 5790, 87020–900, Maringá, Paraná, Brazil 
 
Abstract – Eighty lambs (males and females) from 
Rasa Aragonesa breed were used to assess the 
effects of slaughter age, weaning and sex on 
carcass and meat composition. Half of the lambs 
were weaned at 40 days old (do), while the rest 
remained with their mothers. Half of the animals 
were slaughtered at 70 do and the other half at 100 
do. All animals received concentrate plus cereal 
straw ad libitum. Carcass characteristics, 
proximate composition of the muscle Longissimus 
thoracis and intramuscular fatty acid composition 
were analyzed. Age of slaughter was the most 
important factor, showing 100 do animals the 
heavier carcasses (9.1 vs 14.4 kg), with the highest 
intramuscular fat content (2.8 vs 3.5) and 
monounsaturated fatty acids percentage (P≤0.001).  
Unweaned animals also showed larger body size 
and less moisture in the meat than weaned animals. 
Males were heavier than females at the same 
slaughter age, but no differences were found either 
in fatness score or in intramuscular fat. However, 
animals should be slaughtered younger than 100 
days old since they produce heavy carcasses that 
would not be classified as light lambs. Sex should 
not be taken into account while checking these 





Lamb production is worldwide spread, especially 
because of its adaptation to different resources in 
difficult environments (1). In many Mediterranean 
countries, new fattening units have been 
developed in order to homogenize the product 
increasing the farmer’s income by marketing 
larger number of animals. These units are 
intermediate between the producer and the abattoir, 
being part of a farmer’s association. The feeding is 
based on concentrates plus cereal straw. The 
animals are reared together according mainly to 
their initial weight, being common to have animals 
in the same batch from both sexes that have been 
born in different farms with different age and 
management at the beginning of the fattening 
period. At the same time, slaughter is fixed at a 
certain live weight, independently of the growing 
rate of the animal, which implies that animals in 
the same batch might have been in the fattening 
unit for different lengths of time. Among those 
differences in management, weaning is a critical 
point. Some farmers keep the lambs with the 
mothers until slaughtering remaining unweaned, 
while other lambs are weaned at different ages. 
This variability in management might affect the 
quality of the final product that is commercialized. 
Therefore, the aim of this work was to assess the 
effects that age at slaughter, weaning and sex have 
on carcass quality and meat composition in lamb. 
 
II. MATERIALS AND METHODS 
 
Eighty lambs from Rasa Aragonesa breed (41 
females and 39 males) were randomly selected at 
the same farm between the animals prepared to be 
finished in a large cooperative (Pastores Group). 
All animals were kept with their mothers until they 
reached 40 days of age. At that point, half of the 
animals from both sexes were weaned, and 
transported to the fattening unit. The rest were still 
kept with the mothers, with specific access to their 
feeding different from their mothers. Both groups 
of animals were fed with the same concentrate 
based on cereals, with free access to cereal straw. 
At 70 days of age, half of the unweaned animals 
and half of the weaned animals (from both sexes) 
were slaughtered at an EU-licensed abattoir. At 
100 days of age, the remaining animals were also 
slaughtered. The abattoir was less than 15km from 
the fattening unit. 
 
Carcasses were weighed hot after an hour from 
slaughtering, before entering the cooling room. At 
24 h after slaughtering, conformation (1, very poor 
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– 15 very good) and fatness (1, very lean – 15, 
very fat) were assessed (2). External carcass length 
and rump perimeter were also obtained. From the 
left side carcass, the muscle Longissimus thoracis 
was excised, vacuum packaged, immediately 
frozen and kept at -18º C until analyzed. 
 
Proximate composition was assessed by 
international standards (3, 4, 5, 6). Fatty acids 
were extracted with chloroform: methanol (7). 
Methyl esters were form with KOH in methanol 
and analyzed in a GC 6890 with nitrogen as carrier 
gas (8).   
 
A General Linear Model was used with SPSS 
(19.0) with slaughter age, weaning and sex as 
main effects. 
 
Table 1 Significance of age of slaughter, weaning and 




n 80 80 80 
HCW  .000 .000 .000 
Conformation .000 .000 .005 
Fatness .000 .000 .203 
Carcass length  .000 .227 .000 
Rump perimeter  .000 .001 .000 
 
 
III. RESULTS AND DISCUSSION 
 
Table 1 shows the significance of age at slaughter, 
weaning and sex effects on carcass characteristics. 
All studied effects had a high influence (P≤0.001), 
except for sex on conformation (P≤0.01), weaning 
on carcass length and sex on fatness score 
(P>0.05). No significant interactions were found. 
 
 
Table 2 Effect of age of slaughter, weaning and sex 
effects on carcass characteristics 
 
1 1-15 (1, very por – 15, very good) 
2 1-15 (1, very lean – 15, very fat) 
As expected, animals slaughtered at 100 days old 
had higher carcass weight, superior conformation 
and fatness scores, and larger carcass length and 
rump perimeter, showing a better morphology 
(Table 2), more typical of heavy carcasses than 
light lambs. At this age, none of the 100 do 
animals would have fit within the category of light 
lambs (<13 kg of carcass weight), typical of 
Mediterranean countries. This is the reason why 
the quality labels of light lamb in Spain consider 
only animals younger than 90 do. Weaning 
produced lighter carcasses (10.5 vs 12.0 kg), 
which implied lower conformation and fatness 
scores. The milk intake that unweaned animals 
have while suckling directly from the mothers 
contributes to this heavier animals, due to the 
higher energy of their diet. Males also showed 
heavier carcasses and superior conformation and 
morphology than females. Only fatness score was 
not affected by sex, due to the slaughter of the 
animals at the same age. If the slaughtering was at 
the same slaughter weight, then differences would 
have appeared since females have lower daily 
gains and are more precocious than males. 
 
Table 3 Significance of age of slaughter, weaning and 





n 80 80 80 
Moisture .000 .037 .297 
Protein .301 .967 .659 
Fat .001 .188 .738 
Ashes .003 .424 .514 
 
 
Table 3 shows the significance of age at slaughter, 
weaning and sex effects on Longissimus thoracis 
muscle proximate composition. Slaughter age was 
the effect with the highest influence on moisture 
and fat % (P≤0.001) and ashes (P≤0.01), whereas 
weaning only influenced moisture (P≤0.05) and 
sex did not have any significant influence in any 
parameter. 
 
Older animals showed less moisture in the muscle 
probably due to their higher intramuscular fatness 
(2.8 vs 3.5, Table 4). Intramuscular fat is a late 
deposition tissue. Therefore, those animals 
intensively reared would increase its deposition 
the older they get. Previous findings in Rasa 
 Slaughter age Weaning Sex 
 70d 100d yes no fem male 
n 40 40 40 40 41 39 
CCW kg 9.1 14.4 10.5 12.0 10.6 11.9 
Conform 1 5.2 8.0 5.8 7.4 6.2 7.0 
Fatness2 4.9 7.5 5.4 6.9 6.0 6.3 
Carcass 
length cm 
50.2 57.2 53.5 54.0 52.6 54.8 
Rump 
perim. cm 
45.3 50.4 47.1 48.6 47.0 48.7 
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Aragonesa breed (9) have found similar fat content 
in the Longissimus muscle (2.41%) than the 
animals slaughtered at 70 do, but larger 
percentages if considered other cuts, such as the 
leg (10). Weaned animals showed slight higher 
moisture in the muscle that, since there were no 
significant differences in the rest of components, 
might have been due to a random finding. As 
males and females were slaughtered at the same 
age, the same lack of differences found in carcass 




Table 4 Effect of age of slaughter, weaning and sex 
on Longissimus thoracis proximate composition (%) 
 
 
Table 5 shows the significance of age at slaughter, 
weaning and sex effects on intramuscular fatty 
acid composition. Slaughter age was the most 
important effect in all groups of fatty acids 
(P≤0.001), except for saturated fatty acids (SFA, 
(P>0.05), whereas weaning had an influence on 
polyunsaturated (PUFA) and PUFA/SFA (P≤0.01) 
and on n-6 and n-6/n-3 fatty acids (P≤0.001).  
 
 
Table 5 Significance of age of slaughter, weaning and 






n 80 80 80 
SFA .485 .091 .936 
MUFA .000 .541 .119 
PUFA .000 .007 .113 
n-6 .000 .001 .084 
n-3 .000 .213 .693 
PUFA/SFA .000 .005 .180 
n-6/n-3 .000 .000 .015 
 
 
Animals slaughtered at 100 do showed higher 
monounsaturated fatty acids percentage (45.9 vs 
41.6%) and n-6/n-3, and lower PUFA (9.2 vs 
12.7%), n-6, n-3 and PUFA/SFA than those 
slaughtered at 70 do. This is related to longer 
period of time that they have been fed the 
concentrate. Unweaned animals had lower PUFA 
(10) (10.4 vs 11.6), n-6 fatty acids and n-6/n-3 
than weaned animals. It is known that suckling 
animals consume less concentrates than weaned 
animals because part of their feeding is based on 
milk. This explains the data found in this work, 
since concentrates were based on cereals, which 





Age of slaughter is an important factor to be 
controlled due to its influence in carcass quality 
and lipid composition. However, animals should 
be younger than 100 days old since they produce 
heavy carcasses that would not classify as light 
lambs. Weaning reduces the size of the animal, 
although increases polyunsaturated fatty acids 
percentage in the meat due to the higher rate of 
short saturated fatty acids in the muscle of 
unweaned animals, coming from the mother’s 
milk. Sex should not be taken into account while 
checking these parameters, unless heavier 
carcasses want to be obtained. 
 
 
Table 6 Effect of age of slaughter, weaning and sex 
on Longissimus dorsi fatty acid composition (% of 
total fatty acids) 
SFA: Saturated fatty acids; MUFA: monounsaturated fatty 
acids; PUFA: Polyunsaturated fatty acids; n-6: n-6 PUFA; 
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 Slaughter age Weaning Sex 
 70d 100d yes no fem male 
n 40 40 40 40 41 39 
Moisture 75.3 74.3 74.9 74.6 74.7 74.9 
Protein 20.8 21.0 20.9 20.9 21.0 20.9 
Fat 2.8 3.5 3.0 3.3 3.2 3.1 
Ashes 1.1 1.2 1.1 1.1 1.1 1.1 
 Slaughter age Weaning Sex 
 70d 100d yes no fem male 
n 40 40 40 40 41 39 
SFA 42.3 42.1 41.8 42.6 42.2 42.2 
MUFA 41.6 45.9 43.3 43.9 44.2 43.3 
PUFA 12.7 9.2 11.6 10.4 10.6 11.4 
n-6 11.0 8.0 10.2 8.9 9.1 9.9 
n-3 1.2 0.7 1.0 0.9 1.0 1.0 
PUFA/SFA 0.3 0.2 0.3 0.2 0.2 0.3 
n-6/n-3 9.1 10.7 10.4 9.4 9.7 10.2 
                       7
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"GREEN FEEDS" IN MEAT PRODUCTION: A PRELIMINARY 
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Abstract— Aim of this research is to analyse some 
pig breeding systems in NW Italy to verify the 
sustainability of livestock production systems, in 
relation to different feeding resources availability. 
In an investigation on 55 pigs bred using semi-
extensive and intensive methods and fed the same 
diet, the feed conversion index was 5.67 vs 4.50 to 
obtain a final weight of 168 kg. The diet included 
68.6% food grain (corn 52.5% and barley 16.1%) 
and the semi-extensively bred pigs consumed 26% 
more. In conclusion the questions were “Is it 
ethically justifiable to use food grains as feed to 
assure animal welfare, when many humans are 
still far from having met their own needs? The 
unsustainability of feed grain production, as a 
result of over exploitation of natural resources, 
will affect the food availability for future 
generations? Replacing food grains in animal 
production could help to resolve conflicting ethical 
obligations. The animal nutrition progress is 
supporting breeders in producing ethical animal 
foods. By adopting an “Ethical Index”, branding 
animal food, consumers could induce producers to 







In recent decades the animal production sector 
has undergone an unprecedented development 
targeted to the research of scientific and 
technological tools able to exploit the 
environmental resources and the productive 
potential of animals (1). This sector has shown a 
remarkable dynamism to answer and to adapt to 
a fast growing market demand, which Delgrado 
et al. (2) have defined as "livestock revolution". 
The consequences of the increased demand and 
evolution of consumption has undoubtedly led to 
huge benefits with improved nutritional quality 
and life expectancy of many people. But in a 
more careful and less sectorialized analysis, and 
broadening the vision in spatial and temporal 
sense, we realize that the issue is not so 
straightforwarded. In fact, livestock management 
is very complex, multifaceted and full of 
contrasts and need of more attention, as 
confirmed recently by USA government which 
funded the project “Cow of the future project”. 
Intensive farming is based on massive use of 
concentrates, with diets consisting mainly of 
cereals – including wheat, corn, barley – not 
only for monogastric but also for ruminants.  
This system is responsible for the growing 
competition between human and animal 
nutrition. It creates a questionable food chain not 
only in terms of ethical, social and 
environmental aspects but also, more concretely, 
in terms of production efficiency. Through these 
steps, the conversion of nutrients of plant origin 
to animal products generates a 60 to 90% loss of 
protein (3). According to these data, the animal 
sector consumes more than what it produces: the 
input/output ratio is 1.41 and, at the current 
trend, the dependence on grain will dramatically 
grow. The cereal crops for livestock use, which 
currently account for one third of world 
production (3), will continue to increase, along 
with bioenergy competitors, thus removing 
cereals from human consumption. 
The economic impact of this competition will be 
an increase in grain prices; due to the change of 
use, cereals will be quantitatively insufficient for 
a human population of over 7 billion in 2014 
that, in 2050, is expected to exceed 9.3 billion 
(4). 
In this context, scientists may help to improve 
lifestyles modifying the future livestock sector 
through the so-called "green revolution", a 
vision proposed by Woodrow (Nobel Prize for 
Peace, 2007) (5). It is based on the integrated 
use of primary resources and the recycling of 
energy sources already available in nature to 
reduce wastes and optimize their use. The 
answer to the growing demand of animal 
products in the forthcoming decades (2009-
2018: developed countries +7%; developing 
countries +14%) (6) could be the use in the 
animal diets of the “Green Feeds”: nutritious 
substances that are not consumed by humans 
and/or are currently classified as wastes. 
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Aim of this paper is to show the unsustainability 
of current livestock production systems, valuing 
feed conversion index and daily gain of different 
pig genetic types in relation to different breeding 
systems and the use of food as feed. 
 
II. MATERIALS AND METHODS 
 
In Europe the pig industry relies on a limited 
number of breeds well adapted to intensive 
animal production systems. The requests for 
organic animal products, animal welfare and 
conservation of old germoplasm are pressing 
people to pay more attention to old breeds. 
In Europe 25 local breeds exist and of those, 5 in 
Italy. One of them, the Mora Romagnola was 
used in this experiment. It was fairly common 
until the mid ‘50s in Emilia Romagna (NW 
Italy) and in 1949 there had been more than 
22,000 animals. This breed began to disappear 
as the Large White took over the area; in 1998 
only 12 animals survived. 
In a number of trials of different duration, 
throughout 4 years, 55 animals of different 
breeds (19 Mora Romagnola (MR), 7 
crossbreeds of Duroc and MR (DMR), 29 
crossbreeds of Large White and MR (LWMR) 
were reared testing two types of husbandry and 
two methods of feeding. The Average Daily 
Gain (ADG = total weight gain/days) and the 
Feed Conversion Index (FCI = total feed 
intake/weight gain) were evaluated using diets 
formulated for the growing - finishing hybrid 
pigs, as the needs of this old breed were 






Two types of husbandry were tested: intensive 
(low animal welfare) and semi-extensive (high 
animal welfare). In the intensive practice pigs 
were reared indoors in 2 slatted floor pens; one 
of them equipped with a self-feeder. In the semi-
extensive practice pigs were reared in two large 
corrals with a pound in the centre and a hut with 
straw; one of the corrals was equipped with a 
self-feeder (7). All the animals reached the final 
weight of about 168 kg. The animals were raised 
at the Experimental Station of the Department of 
Agricultural, Forest and Food Sciences, 
University of Turin (Italy). 
B. Method of feeding 
Two feeding systems were compared during the 
intensive and the semi-extensive husbandry. In 
the traditional system animals received feeds 
twice a day ad libitum, distributed in two long 
troughs with a space allowance of 0.33 m/head. 
In the other system pigs received feed 
individually by a self-feeder, ad libitum but 
divided in small quantities at meals to simulate 
natural conditions. This self-feeder is part of a 
structured self-made feeding station. 
Statistical analysis was carried out by 
SAS/STAT in SAS 9.4 using a three-factorial 
(husbandry, breed and method of feeding) 
covariance analysis with the final live weight as 
covariate (8). Covariance analysis removes 
dependent variable variations associated with 
different final live weights resulting in more 
precise estimates and powerful tests. Results are 
presented as LSmeans ± S.E.M. 
 
III. RESULTS AND DISCUSSION 
 
Results of the experiment were shown in table 2. 
The intensive and semi-extensive husbandries 
were significantly different and the Feed 
Conversion Index was 4.50 vs 5.67 to obtain a 
final weight of 168 kg and 104 kg live weight 
gain, during the trials. An intensive reared pig 
used 467.6 kg of feed vs 589.2 kg of the semi-
extensive reared one. Of this quantity the 
intensively reared pig used 321.0 kg of food 
grain and 404.5 kg the semi-extensive reared 
pig. According to table 1, pigs were fed on 
average of 68.6% of food grain (corn 52.5% and 
barley 16.1%). The semi-extensive FCI was 1.17 
(5.67-4.50) significantly higher than the 
intensive FCI, which caused a semi-extensive 
husbandry pig to consume 121.6 kg more of feed 
(589.2-467.6) that is 83.5 kg (404.5-321) of food 
grains. The 83.5 kg out of 321 kg fed to a semi-
extensive reared pig is 26.0% of corn and barley, 
Table 1 Food as feed in pig diets (%DM). DM=dry 
matter; CP=crude protein; DE=digestible energy; 
ME=metabolizable energy. 
 Live Weight (kg) 
 <60 60-90 >90 
Corn 32.5 45.0 55.0 
Barley 25.0 18.0 15.5 
Soybean meal 44% 20.0 16.0 12.0 
    
DM% 87.5 87.6 87.2 
CP% 18.6 17.2 15.5 
DE MJ/kg 14.2 14.4 14.7 
ME MJ/kg 13.6 13.8 14.1 
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food grains, to ensure better animal welfare. 
Moreover the ADG was higher in the intensive 
husbandry than the semi-extensive. 
The use of a self-feeder did not make any 
difference to the FCI. The self-feeder reduced 
feed competition as each pig is protected during 
feeding. When moved to traditional feeding they 
suffered the competition which caused a 
significant lower ADG. Moreover the self-feeder 
is closer to pig’s natural way of feeding as they 
have to look for feed. 
The breed factor seemed not to have an effect on 
FCI, but ADG was significantly lower in MR vs 
DMR. To obtain the same live weight gain the 
MR breed was fed with 11.2% more feed of 
which 7.7% corn and barley. This was a clear 
effect of genetic selection but this not absolutely 
means the old MR breed is useless as the diet 
was typical for modern breeds. Using corn and 
barley as feed is clearly more ethical to feed 
modern breeds than old ones. 
In brief, results showed that pig feeding 
production costs were: 
 from an ethical point of view 68.6 % of food 
grain used as feed; 
 animal welfare had an additional cost of 
26.0% of food grains, used as feed; 
 the conservation of old breeds consumed 
7.7% more food grains used as feed. 
Applying the experimental conditions (180 d 
until 160 kg LW) and results to the over 13.37 
million of pigs slaughtered in Italy in 2012, they 
would have consumed more than 4.3 million Mg 
of food grains (3.34 million Mg of corn and 1.02 
million Mg of barley). This data are the origin of 
ethical and bioethical issues in a world with 




The conversion index of “food grains” in 
specialized breeds is higher than in less 
specialized breeds.  
Ethics of animal production is more likely to be 
“ethics stating which type of feed is to be used in 
animal nutrition, with respect to human beings 
and animal welfare”. Gardner (10) says that 
perhaps the greatest way to increase food use 
efficiency is to reduce the world’s consumption 
of meat but this is not sufficient at all.  
What to do? Animal production strategy should 
be to introduce and replace food grains by 
“Green Feeds”, nutritious substances that are not 
consumed by humans and/or are currently 
classified as wastes. Animal nutrition science 
already supports this opportunity and already 
farmers try to replace grains with by-products 
for economical reasons. This could help to 
reduce or resolve conflicting ethical obligations. 
Moreover, it would allow to pay more attention 
to enhancing feed quality and feed ingredient 
usage to improve feed efficiency with a 
corresponding decrease in methane, as 
confirmed by Knapp et al. (11). Consumers, 
aware of the recommendations to reduce animal 
food consumption for a healthy human diet, can 
induce producers to change their policies to 
ethical animal food production by adopting an 
“Ethical Index” branding animal food, to 
indicate the quantity of ethical feed used to 
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